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NATIONAL  ADVISORY COMMITllEE FOR  AERONAUTICS 

RESEARCH MEMORANDUM 

A STUDY BY MEANS OF A DYNAMIC-MODEL INVESTIGATION  OF THE 

USE OF CANARD SURFACES AS AN AID I N  RECOVERING 

FROM SPINS AND AS A MEANS FOR PRFVENTING 

DIRECTIONAL DIVERGENCE NEAR THE S T U  

By Walter J. Klinm 

SUMMARY 

Mass loadings and configurations of  contemporary fighter  airplanes 
are such that  effective  ailerons  are  generally  required  for  recovery 
from spins.  Eliminating  ailerons on some designs i n  favor of spoilers, 
or movement of ailerons  inboard, may necessitate  modifications  or  addi- 
tions  to  the  airplane  configuration  to  provide  satisfactory  spin  recov- 
eries.  A modification which is presented i s  the  incorporation of small 
canard  surfaces  into  the  design.  Results of t e s t s   i n   t he  Langley 20-foot 
,free-spinning  tunnel of dynamic models of two sweptback-wing f igh ter  air- 
planes showed tha t  canard  surfaces were very  effective  in  aiding  termina- 
t ion of spins of these models. 

Free-f l ight   tes ts  were also conducted on  one of the models on a 
catapulting  apparatus  using  canard  surfaces  as a means for  preventing a 
directional  divergence  near  the stall  and possible  subsequent  spin  entry. 
The resu l t s  of these  tests  indicated  that  suitably  placed  canard  surfaces 
were effective  in  preventing  the  directional  divergence on the model. 

INTRODUCTION 

Because of the extreme fuselage-heavy  loadings  encountered in  current 
designs, a specific  control  technique is  generally  required  for  recovery 
from the  spin; namely, movement of ailerons  with  the  spin  (st ick  r ight 
i n  a right  spin).  (See r e f .  1.) Combinations  of high  inertias and high 

ailerons  inboard  or  substituting  spoilers  for them,  however, are  giving 
r i s e   t o  a s i tua t ion   in  which la teral   controls  may not  be  sufficiently 
effective  for  spin  recovery. This paper  proposes  the  possible  use  of 

3 angular  velocities  encountered  in  spins and the  current  practice of moving 
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canard surfaces  as  an  aid  in  the-  termination of the  spin  roqation. 
Results of model t e s t s  of two contemporary fighters .conducted in  the 
Langley 20-foot  free-spinning t u q e l  with and without such canard surfaces 
incorporated  into  the  design  are  presented  herein. 

Another problem being encountered in  current  designs is  a directional 
divergence  near the stall, because of loss  in  directional  stabil i ty,  and 
a subsequent spin  entry. Dynamic-model test  results  are  presented  herein 
for  one  of the  designs used i n  the  spin  investigation  with canard surfaces 
installed as a means f o r  preventing  the  divergence.  This  portion of the 
investigation was  conducted by,uti l izing 'the catapulting  apparatus 
described in  reference 2. I n  t h i s  connection, some static  force-test   data 
obtained  are  also  presented showing the  effect of canards on yawing moment 
due t o  sideslip. 

SYMBOLS 

wing span, f t  

wing area, sq f t  

mean aerodynamic chord, f t  

ra t io  of distance of center of gravity rearward of  leading edge 
of mean aerodynamic chord t o  mean aerodynamic chord 

ra t io  of distance between center of gravity and fuselage  refer- 
ence l ine t o  mean aerodynamic chord (positive when center of 
gravity is  below l ine)  

mass of airplane,  slugs 

moments of iner t ia  about X, Y, and Z body axes, respectively, 
slug-ft2 

iner t ia  yawing-moment parameter 

iner t ia  rolling-moment parameter 

iner t ia  pitching-moment pwameter 

air density,  slugs/cu f t  
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relative  density of airplane, m/PSb 

glide-path  angle, deg 

angle of attack, or,  for   the  spin tests, the  angle between 
fuselage  reference  line and ve r t i ca l  (approximately  equal to 
absolute  value of angle  of  attack at plane of symmetry), deg 

t r i m  angle of attack, deg 

angle between  span axis and horizontal, deg 

angle of sideslip,  deg 

ful l -scale   t rue  ra te  of descent in  spins o r  resultant  velocity,  
f o r  catapult tests, f t / sec  

full-scale  angular  velocity  about  spin axis, rps  

horizontal-tail  incidence,  positive  with  leading edge up, deg 

aileron  deflection, deg 

rudder  deflection, deg 

s ta l l ing  speed, f t /sec 

angular  pitching  velocity  about Y body axis, posit ive when nose 
up, radians/sec 

angular  rolling  velocity  about X body axis, posit ive when i n  
the same sense as the  spin,  radians/sec 

yawing velocity  about Z axis, positive when in   t he  same sense 
as the  spin,  radians/sec 

yawing moment about Z body ax is ,   f t - lb  

yawing-moment coefficient  about Z body axis, Mz 
gsb 

CnP - as - per  degree 

, "  F.S. fuselage  station 

w. L. water l i ne  
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aerodynamic pitching moment, negative nose down, f t - lb  

spin  radius, f t  

Reynolds number 

APPARATUS AND METHODS 

Model 

The two models used for  the dynamic-model. investigations were  con- 
structed of plast ic  impregnated fiber  glass. The models are considered 
representative of ctnrent swept-wing fighters, model 1 being  considered 
a 1/2?-scale .model and  model 2 a 1/24-scale model. Photographs of  models 1 
and 2 &e shown as figures 1 and  2, respectively. Model 1 is  equipped with 
inboard ailerons and model 2 is  equipped with  slotted  spoiler  ailerons. 
The various  canard  surfaces  investigated  for  the  spin  investigation  are 
shown in  tables I and 11, and various  positions. of canard 6 investigated 
during  the  catapult  tests are shown in  figure 3. 

A model was  used f o r  the  force  tests which was similar t o  model 1 
except that  it was  an 0.~8i-scale model.  Canard 7 shown in  table I .was 
investigated on this model, except that   i t s   ver t ical   posi t ion corresponded 
t o  that  shown in figure 3 f o r  the  position  just below the  fuselage  refer- 
ence line. On the 0.085-scale model th i s  corresponded t o  0.38 inch. (On 
the  1/25-scale  model. shown in   f ig .  3 this dimension i s  0.18 inch below 
the  fuselage  reference  line.) 

The canard surfaces were generally curved t o  conform t o  the  fuselage 
contours when in  the  retracted  position except for  canard surfaces 1 t o  3 
on model 1 (table I) which  were flat-plate  surfaces. The geometric  char- 
acterist ics of the models scaled up t o  airplane  values  are  presented  in 
table 111. 

Testing Techniques 

Spin tests.- The operation of the Langley 20-foot  free-spinning 
tunnel i s  generally similar t o  that  described in  reference 3 for  the 
Langley 15-foot  free-spinning  tunnel  except  that  the model-launching 
technique i s  different. With the  controls  set i n  the  desired  position, 
a model is  launched by  hand with  rotation  into  the  vertically  rising  air- 
stream.  After a number of turns  in  the  established  spin, a recovery 
attempt is  made by moving one or more controls by means of a remote-control 
mechanism. After  recovery,  the model dives  into a safety  net. The tes t s  
are photographed w i t h  a motion-pit3ture camera. The spin  data  obtained 
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from these  tests  are  then converted t o  corresponding full-scale  values 
by  methods described  in  reference 3. 

Spin-tunnel tests  are  usually performed t o  determine  the  spin and 
recovery characterist ics of a model for   the normal spinning-control con- 
f i w a t i o n   ( e l e v a t o r   f u l l  up, lateral  controls  neutral, and rudder f u l l  
with  the  spin) and for  various  other  lateral   control and elevator COD- 

binations  including  neutral and maximum sett ings of the  surfaces. Recov- 
ery is  generally  attempted by rapid  ful l   reversal  of the  rudder, by rapid 
fu l l   r eve r sa l  of both  rudder and elevator,  or by rapid  ful l   reversal  of 
the  rudder  simultaneously  with moving ai lerons  to   ful l   wi th   the  spin.  
The particular  control manipulation  required fo r  recovery is generally 
dependent on the mass and dimensional characterist ics of the model ( re fs .  1 
and 4 ) .  Tests  are  also performed to  evaluate  the  possible  adverse  effects 
on recovery of small deviations f rom the normal control  configuration  for 
spinning, and the  results of these  tests  are  considered  those  that might 
be obtained  for  the normal spin-control  configuration.  For  these  tests, 
the  elevator i s  se t  at e i t h e r   f u l l  up or  two-thirds of i t s  full-up  deflec- 
tion, and the  lateral   controls  are  set  a t  one-third of full deflection  in 
the  direction conducive t o  slower  recoveries, which may be either  against 
the   sp in   ( s t ick   l e f t   in  a right  spin)  or  with  the  spin depending primarily 
on the mass characterist ics of the  particular model. Recovery i s  attempted 
by rapidly  reversing  the  rudder from full with  the  spin  to  only  two-thirds 
against  the  spin, by simultaneous  rudder  reversal t o  two-thirds  against 
the  spin and movement of the  elevator  to  ei ther  neutral  o r  two-thirds 
down, or by simultaneous  rudder  reversal t o  two-thirds  against  the  spin 
and s t ick  movement t o  two-thirds  with  the  spin.  Stick movement alone t o  
two-thirds  with  the  spin i s  also  attempted i n  some instances when the 
rudder  has no effectiveness.  This  control  configuration and manipulation 
i s  re fer red   to  as the  criterion  spin,  with  the  particular  control  settings 
and manipulation  used  being  dependent on the mass and dimensional  charac- 
t e r i s t i c s  of the model. 

Turns f o r  recovery  are measured from the time the  controls  are moved 
to   the  t i m e  the  spin  rotation  ceases. Recovery characterist ics of a model 
are  generally  considered  satisfactory if recovery  attempted from the c r i -  
terion  spin  in any of the manners previously  described is  accomplished 

within 2L turns.  This  value  has been selected on the  basis of full-scale- 

airplane  spin-recovery data that  are  available  for comparison with  cor- 
responding model test resul ts .  

4 

For  recovery  attempts i n  which a model strikes  the  safety  net   while 
it is  s t i l l  i n  a spin,  the  recovery i s  recorded as greater  than  the number 

struck  the  net (as >3). A >3-turn  recovery, however, does  not  necessar- 
i ly   indicate  an improvement over a >7-turn  recovery. When a model recovers 
without  control movement (rudder  held  with  the  spin),  the  results  are 

da of turns from the time the controls were moved t o   t h e  time  the model 

I -  
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recorded  as "no spin." When the number of turns  required  for  recovery 
i s  10 or more, the  resul t  is recorded  as m. 

Catapult tests.- The technique employed for the catapult tests was  
generally similar t o  that   indicated  in  reference 2 in that the model was 
launched  inside  a  building from a height  about 55 f e e t  above the  f loor  
at a speed  corresponding t o  approximately the   s ta l l ing  speed. A large 
net  for  retrieving  purposes was  hung from the w a l l  opposite  the  launching 
apparatus.  Motion-picture  records o f  the   f l igh ts  were taken from the  rear  
and from the  side. 

Some longitudinal t r i m  t e s t s  conducted on model 1 in connection  with 
the  catapult   tests were conducted in   t he  20-foot  free-spinning  tunnel w i t h  
the model f ree  t o  pivot  about i t s  center of gravity. 

Precision 

The results  are  believed  to be true  values  given by the models within 
the  following limits : 

u , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
@, deg ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
V, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
a, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f2 
Turns f o r  recovery  obtained from motion-picture  records . . . . .  t1/4 
Turns f o r  recovery  obtained  visually . . . . . . . . . . . . . . .  f1/2 

The preceding limits may be  exceeded for   cer ta in   spins   in  which it 
i s  d i f f i cu l t  t o  control  the model i n  the  free-spinning  tunnel because of 
the  high rate of descent  or  because of the wandering or  oscil latory  nature 
of the  spin. 

The accuracy of  measuring the weight  and mass distribution of models 
i s  believed t o  be within  the  following limits: 

Weight ,percent .  . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Center-of-gravity  location,  percent E . . . . . . . . . . . . . . .  +1 
Moments  of inertia,  percent . . . . . . . . . . . . . . . . . . . . .  t3 

Controls  are  set  with an accuracy  of +lo. 

Comparison between model  and full-scale  spin  results  in  reference 5 
indicated that model tests  accurately  predicted  full-scale  recovery  char- 
acteristics  approximately 90 percent of the  time and that ,  f o r  the . .  

remaining 10 percent of the  time,  the model resu l t s  were of value in   pre-  
dicting some of the  detai ls  of the  full-scale  spins,  such  as motions ih 
the developed spin and proper  recovery  techniques.. The airplanes  generally 
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spun a t  an  angle of attack  closer  to 4 5 O  than  did  the  corresponding models. 
The comparison presented  in  reference 5 also indicated that, generally, 
the  airplanes spun with  the  inner wing t i l t e d  more  downward and with a 
greater  al t i tude loss per  revolution  than  did  the  corresponding models, 
dthough  the  higher rate of descent was  found t o  be generally  associated 
with  the smaller angle of attack  regardless of whether it was  for   the 
model o r  the  airplane. 

T e s t  Conditions 

The loading  conditions  tested on the models are  given i n  table  N. 
p'or the  spin  tests,  model 1 was ballasted  to  obtain dynamic similar i ty  
t o  an  airplane at an arbi t rary  a l t i tude of 3O,OOO f ee t  
( p  = 0.000889 slugs/cu f t ) j  whereas model 2 w a s  arbitrarily ballasted 
at an  equivalent  test  altitude of 2'3,000 fee t  ( p  = 0.001065 slugs/cu f t ) .  
A magnetic  remote-control mechanism was  i n s t a l l ed   i n  each  of the models 
to  actuate  the  controls  for  the  recovery  attempts, and sufficient moments 
were exerted on the  controls  to move them f i l l y  and rapidly. 

For the  catapult   tests,  only model 1 was investigated. The model 
was. launched from the  catapult at an angle of attack of 20° and a glide- 
path  angle of l5O, corresponding t o  conditions a t  the stall.  These con- 
dit ions were held  fixed  throughout  the  tests and only.the  horizontal t a i l  
incidence w a s  varied. The stabilizer  incmence  required f o r  t r i m  at the 
stall  was -loo. Because of catapult  speed  limitations and because of 
space  limitations  within  the  building  used  for  the  tests,  the  lightest 
weight  condition  obtainable on the model was used,  but  the  center-of- 
gravity  position was  maintained essentially  constant  for  the  spin and 
catapult   tests  ( table IV). 

The force  tes ts  were conducted  only on model 1 in   the  Langley 300 xph 
7- by 10-foot  tunnel. The t e s t s  were conducted for  a range of s idesl ip  
angles and angles of attack, a l l  controls were neutral, and the dynamic 
pressure q varied from 5 t o  40 pounds per  square  foot. 

For a l l  tes t s   the  models were in  the  clean  condition. The maximum 
control  settings (measured  perpendicular t o   t he  hinge  lines)  used  for  the 
investigation were 

Model 1 Model 2 

Rudder, deg . . . . . . . . . 
Horizontal t a i l  incidence, 

25 right,  25 l e f t  6 right,  6 l e f t  

it, deg . . . . . . . . . . -30, 10 -18, 5 
Ailerons, deg . . . . . . . . 

55 UP, 0 "^" Slotted  spoiler  ailerons, deg 
-"" 15 up, 15 down 

s!wammm 
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The resu l t s  of the  spin  tes ts  of the models without  canards  installed 
are  presented  in  charts 1 and 2. Spin test  results  with  canard  surfaces 
installed  are  presented  in  tables I and I1 and in   f igure  4. In those 
instances where  no data  are  presented  in  the  charts  for  certain  control 
configurations,  either no t e s t s  were conducted o r  the  data were not con- 
sidered  pertinent. The model data are  presented  in  terms of full-scale 
airplane  values and the data are   arbi t rar i ly   presented  in  terms of r ight-  
hand spins. 

Comparison  of chart 1 with  table I and with  figure 4 i l lus t ra tes   the  
effect  of extending  the  canard  surfaces on the  recovery  characteristics 
of model 1. As can  be  seen in  chart  1, without  canard  surfaces  operative, 
recovery by aileron movement t o  with  the  spin  (s t ick  r ight   in   a   r ight   spin)  
w a s  poor. (As previously  indicated,  recoveries  requiring more than 
2l turns  are  considered  unsatisfactory. ) Although not  presented on chart 1, 

reversal of the  rudder  for  recovery was ineffective. Table I shows tha t  
extension of canard  surfaces  from an in i t ia l   pos i t ion   f lush   wi th   the  
fuselage  in  conjunction  with moving ailerons  to  with-  the  spin could  be 
very  effective  in  terminating  the  spin. "he  recovery  characteristics of 
t h i s  model are  considered  satisfactory  with  canard  surfaces 2, 3, 5, 
and 6 installed.  These surfaces  varied  in  area from approxhately 2.25 
t o  4.5 percent of the wing area, and might well  serve as access  doors 
when in  the  retracted  posit ion.  The plots  shown in   f igure  4 indicate 
that  the most desirable  canards from the  standpoint of being of assist- 
ance in  bringing about  spin  recovery  should be posit ioned  at  a high, 
forward location on the  fuselage.  In  addition,  the  information  presented 
in   f igure 4 also  indicates  that   large canard  areas and small canard  aspect 
ratios  are  desirable.  

h 

Results of t e s t s   f o r  model 2 presented in   char t  2 show that  glacing 
the  spoilers  used f o r  la teral   controls   e i ther  full with or  fu l l   aga ins t  
the  spin  did  not  appreciably  alter  the  spin from that  obtained  with  the 
spoilers  neutral. Consequently, no recoveries were attempted by movement 
of the  lateral   controls on this model because  such a control movement 
would be emected t o  have no effect .  Recoveries by rudder  reversal  or 
by rudder and horizontal-tail   reversal  were similar f o r   a l l   l a t e r a l -  
control  settings and were ei ther  good o r  poor, apparently depending upon 
the phase of the  model's  oscillatbry motion when the  controls were moved 
f o r  recovery. When canard  surfaces  varying from 1.65 percent t o  6 percent 
of the wing area were extended and the  rudder was  simultaneously  reversed 
against  the  spin f o r  recovery, however, the  recoveries were consistently 
good. (See table 11. ) 
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In  order  to  explain  the  reason  for  the  effectiveness of canards i n  
damping the  spin  rotation, it i s  desirable  to examine the yawing-moment 
and pitching-moment equations of the  equations of motion (engine-gyroscopic 
terms and product of iner t ia  terms  not shown): 

Mzaerodynamic + (Ix - 1y)pq = Iz;' 

Experience  has  indicated  that  the most important moment affecting  spin 
recovery i s  the yawing moment (eq. (1)). When a model or airplane i s  
i n  spinning  equilibrium,  the aerodynamic and ine r t i a  moments are i n  
balance, and recovery from the  spin can  be affected by dis turbing  this  
balance  either by introducing a sufficient amount of aerodynamic yawing 
moment opposing the  spin or by introducing a suf f ic ien t   an t i sp in   iner t ia  
cross-couple yawing  Eoment ( IX - Iy)pq. 

The primary effect  of  the canards  appears t o  have been an aerodynamic 
damping i n  yaw provided when they were extended.  This i s  brought  out i n  
figure 4( c ) which shows that,  when the canards were hinged  high on the 
fuselage,  the  recoveries were considerably improved over  those  obtained 
on the  basic model (chart  1); whereas when the canards were hinged low 
on the  fuselage,  the  recoveries were essent ia l ly   the same as those 
obtained on the  basic model.  The  damping i n  yaw i s  brought  about  because 
the canards were placed  near  the  forward end of the  fuselage on the long- 
nosed models  and because  the  spin  axes  for  the two models  were rearward 
of the nose and very  close to   the  models' centers of gravity.  In a spin, 
air  then impinged on the forward  portion of the  fuselage from the  direc- 
t i o n   i n  which the models  were spinning  (i.e. , from the  r ight   s ide  in  a 
right  spin) and below, g iv ing   r i se   to  an air entrapping or damping effect  
when the canards were extended. (Effects s i m i l a r  t o   t h i s  have  been 
observed in   spins   in   the  past  when small horizontal  surfaces were added 
ahead of and in  the  plane of the  horizontal t a i l  (ref.  6 ) . )  It would 
thus  appear  that,  for  canard  surfaces  to be most effective  in  spins,   the 
spin axis when canards are  retracted would have t o  be near  the  center of 
gravity. If the  spin axis should be c lose   to   the  nose when canards are 
retracted,  the  effectiveness of extending  the  canards may be great ly  
reduced. It should be noted, however, that  when f l a t  spins are obtained, 
the  spin axis w i l l  generally be close  to  the  center  of  gravity  (radius 
small)  unless  the aerodynamic nose-down pitching moment i s  unusually low 
at spin  att i tudes (R varies as cos2a/-M). A low aerodynamic nose-down 
pitching moment could be obtained at spin  att i tudes i f  the  horizontal  
t a i l  w a s  posit ioned  in such a manner tha t  a la rge   ins tab i l i ty   in   p i tch  
occurred at high  angles of attack,  or it could  be  obtained i f  the  fuse- 
lage nose length were unusually  large. For steep spins, .the spin axis 
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should  be  considerably  ahead of the  center of gravity and canards might 
have an  adverse  effect,  but the normal controls of the  airplane would 
be  expected t o  be effective f o r  such  cases. 

A secondary  reason fo r  the  effectiveness of canards in  aiding  spin 
recovery is  tha t   the  extended  canards  provide a nose-up  aerodynamic 
pitching moment which gives   r ise  t o  a positive increment in  the  angular 
pitching  velocity q. This is obtained as i s  indicated  -in  the  pitching- 
moment equation  (eq. (2)  ) and also be'cause the  inner wing w i l l  usually 
tilt i n  a downward direction  in  response t o  a nose-up pitching moment. 
This  process  influences  the  inertia  cross-couple  term  in  the yawing- 
moment equation (Ix - 1y)pq  (eq. (.1) ), i n  such a manner as t o  provide 
an ine r t i a  yawing moment opposing the  spin  rotation.  This i s  brought 
about  because the models were heavily  loaded  along  the  fuselage so tha t  
IY greatly exceeded Ix and also by the  fact  that p is  positive. 
Therefore,  the  resulting  inertia  cross-couple yawing term becomes nega- 
t ive  or  antispin.   (See  ref.  4. ) The increment i n  nose-up  aerodynamic 
pitching moment provided by the  canards  probably  also had a retarding 
effect  on the   ra te  of spin  rotation because of a change in  the  balance 
between the nose-down aerodynamic pitching moment and the nose-up ine r t i a  
pitching moment which is  maintained in  a  spin  (eq. (2)) .  With a reduction 
i n  nose-down aerodynamic moment (brought  about by extending  canards), a 
smaller nose-up i n e r t i a  moment or  a lower ro ta t iona l   ra te  i s  required  to  
maintain  a  balance. 

Because of possible  differences  in  the e e r  t ha t  models and f u l l -  
scale  airplanes may spin because of Reynolds number effects   ( ref .  5 ) ,  the 
spin  radius of the  airplane and the  scaled-up  spin  radius of the model 
may be somewhat different .   In  such a case,  although  the  degree of effec- 
tiveness of canards on  model  and airplane may be somewhat different,  the 
general  effectiveness  should be the same except  for  certain  critical  cases 
where the  spin axis is  near  the  canards. A correlation between model and 
ful l -scale   a i rplane  resul ts  on canard  effectiveness  in  spins i s  desirable 
but i s  not  available at present. 

Catapult and Force Tests 

The resu l t s  of the  catapult   tests of model 1 are  presented  in 
figures 5 t o  7. When the  clean model was launched with  lateral  controls 
neutral and with a kosizontal-tail  incidence  in  excess of -100 ( t r a i l i ng  
edge up)  the model pitched upy  because the  horizontal t a i l  was se t  t o  trim 
the model at an  angle of attack  higher  than  the  launching  attitude, and 
then  usually  diverged  in yaw. (See f ig .  5. ) Oftentimes  the  violent yawing 
divergence  appeared t o  be the   s ta r t  of a  spin,  but  because of space 1M- 
tat ions  the maxim change i n  heading that could  be  observed was only 
about  three-fourths of a turn. A t m i c a l  motion is  shown in  f igure 6. 
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Tests were made with  canard  surface 6 (shown in   t ab le  I) f ixed   a t  
the  various  vertical  locations shown in  f igure 3 i n  an  attempt t o  improve 
the  model's dynamic behavior at and beyond the   s ta l l .  The results  obtained 
with -20° incidence in  the  horizontal t a i l  ( f ig .  5) indicate  that  placing 
the  canards a t   t he  lower positions on the  fuselage  alleviated  the  vfcious- 
ness of the  observable motion but  that  the  highest  positioned  canards had 
little  effect.  Test  observations  indicated that the  best   posit ion  tested 
was a location 0.18 inch (model  dimension) below the  fuselage  reference 
l ine,  and model results  indicated  that,  for  the many runs that were made, 
the model usually  pitched up and then  continued i ts  g l ide   wi th   l i t t l e   o r  no 
yawing tendencies  noted  for  the  portion of the  flight  observable  before 
the model hit   the  safety  net .  A typical motion with  the  canards  attached 
in   th i s   pos i t ion  i s  shown as  figure 7. 

Additional  catapult  tests  are  presented  in  table V and force   t es t s  
are  presented  in  figures 8 t o  10 for  a r w e  of  Reynolds numbers. For 
these  catapult   tests and for  the  force  tests,  when the  canard  surfaces 
were installed  they were placed at   the   ver t ical   locat ion found t o  be  the 
most effective  in  preventing a divergence  (canard 6 on table  I located 
0.18 inch below the  reference  line on the  1/25-scale model as indicated 
in   f i g .  3 ) .  The force-test   data  at   the low Reynolds number, approximately 
415,000, presented in   f igures  8 and 10 indicate  that  the  clean model 
became unstable  directionally  near and beyond the stall  angle a 20° 
and that   instal la t ion of the  canard  surfaces had a somewhat beneficial  
effect  on the  directional  stabil i ty  for small sideslip  angles at angles 
of attack above the   s t a l l .  The catapult  data  presented i n   t a b l e  V with 
the  horizontal t a i l  set  for  various trim angles above the s ta l l  indicate 
that,  with  canard  surfaces  installed,  the  portions of the   f l igh ts  that 
could be observed  before  the model struck  the  safety  net were essent ia l ly  
straight; whereas in  the  clean  condition,  the model usually  diverged 
directionally. The improvement in   the  model's  behavior  with  canards 
instal led i s  apparently  attr ibutable  to  the  increase  in  directional sta- 
b i l i t y  at small sideslip  angles as i s  indicated  in  f igures 8 and 10. 
Comparison of the  high and low Reynolds number force  data  presented  in 
figures 8, 9, and 10 indicates  that  canards might be  expected t o  have a 
beneficial   effect   in   a l leviat ing any tendencies t o  diverge  directionally 
on the  full-scale  airplanes  for  stalled  angles of attack up t o  somewhat 
greater  than 30'. For angles of attack  in  excess of this,  the  canards 
would not  be  expected t o  have a beneficial  effect a t  high Reynolds numbers. 

It should be pointed  out  that only a limited model f l i g h t  could  be 
observed for  the  catapult   tests because  of  space limitations  within  the 
building  in which the   t es t s  were being  performed. On this  bas.is  it is  
possible  that  the model with c-d surfaces  installed might eventually 
have diverged  directionally i f  the flights had  been  longer. Sufficient 
evidence was obtained, however, to   indicate   that  any tendency of the  clean 
model t o  diverge  directionally at a given  angle  of  attack would at the 
leas t  be  delayed when properly  positioned  canards are installed.  

5 0  
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Spin t e s t s  were not conducted on model 1 with the canards  positioned 
i n  the location most effective f o r  preventing  the  directional divergence.. 
It would appear, however, that this position would not be the most desir- 
able inasmuch as the optimum vertical  positioning of canards' f o r  spin 
recovery w a s  high on the  fuselage. One compromise  would be to  posit ion 
the canards  near  the m e l a g e  reference  line  in  order  to  alleviate  the 
directional divergence  tendencies and then t o  increase  the canard chord 
(dimension along the longitudinal  axis)  for xnakimum effectiveness in spins. 
A t  the  present time it appears that  best  positioning of canard  surfaces 
f o r  meximum effectiveness i n  alleviating a directional divergence w i l l  
have t o  be evaluated  for each specific desfgn. 

A film supplement showing the  effect of canards  during spin recovery 
and also  in  preventing  directional divergence  near  the stall is available 
and can be obtained upon request from NACA Headquarters, Washington, D.C. 

Effect of Jet-Engine Angular Momentum 

"he angular momentum of the jet  engine was  not shmlated for  ei ther 
the  spin o r  catapult   tests.  Based on information  published in reference 7, 
it appears likely that the  effects of canards for  spin recovery and i n  
preventing  directional divergence  could  be  influenced by the  large angular 
momentum of current  turbo j e t  engines. 

CONCLUDING REMARKS 

Results of an  experimental  investigation  utilizing two sweptback- 
wing  dynamic  models  have  shown that extending small canard surfaces from 
an i n i t i a l  flush-with-the-fuselage  position t o  a horizontal  position was 
very  effective  in aiding the  termination of spins that could not be sat- 
isfactorily  terminated by use  of  the  existing  control  surfaces. A free- 
flight investigation of one  of the models ut i l iz ing a catapulting appara- 
tus also showed that  suitably  placed canard surfaces were effective  in 
preventing a directional divergence  near the stalled regime of f l ight .  
A t  the  present time the positioning of canards fo r  maximum effectiveness 
w i l l  have t o  be evaluated  for each specific  design. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va. , Febmary 13, 1956. 
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TABU I.- VCA!PION OF CANAFiD SURFACES ON MODEL 1 AND RECOVERY  CHARACTERISTICS 
P 
-f= [Recovery attempted by moving the ailerons to with the spin (stick right in a right spin) and  simultaneously  extending the canads; 

recovery  attempted from rudder-fill-with  spins with the horizontal tail two-thirds up  and  ailerons  one-third  against the spin] 

F i ~ l  aileron 
Canard Turn8 for throw with Area, rq in. Crnard  por i t lon  on model. Outline of canard 

rurf ace recovery tha rpin ror 
recovery,  de@ 

1 

" -" 

2 

j. 

1.00" 

1.65" 

4 2 \ 0 0 " ' t '  

Typical view or canudr extended 

1 

"i 
18.08 
P.8. 

\ I 

8.20" 7 F.S. 
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TABIE I.- LOCATION OF CANAFD SURFACES ON MODEL 1 IWD RECOVERY  CHARACTERISTICS - Concluded 

- 
Canard Turns f o r  

recovery 

' inal   a i leron 
throw with 
the  spin f o r  
recovery, deg 

Outline of ounard 
DUFfaCe 

Area, sq i n .  
Canard pos i t ion  on model 

F.S. 

8.20" 

- 
Y.L. 4 .00  

1.87 

(2.11 'I. 9 )  4 2t, 3,  3 

18.08 
F.S. 

I I&?- -?; 
3 . 9 4  

(4.44% 9 )  

F.S. 
F.S. 
18.08 

3.74 k- 8.2O""-p( de-- - +?" 3 0  

L L W . L .  4.00 

F.9. 
10.08 

7 

bCurr.d t o  f i t  oontour  of aaod.1. 
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WIE 11.- IDCA!UON OF CANARD SURFACES ON MODEL 2 AND RECOVERY CHARACWISTICS 

[Recovery  attempted by reversing  the rud+r to full against  the  spin and sumultaneously  extending  the canards; 
recovery  attempted from rudder-full-with  spin  with  the  elevator  full  up and the  stick  laterally  neutraq 

Canard n.a. I 
.Area 3.75 in? (6%) - FS 11.61 

I 

F4.0 

Canard no. 3 
Area 2.05 in?(328%S) I 

F.4.0 

Top view.showing conord extended I 
(Comd no. 5 shown) 

Canard no. 2 
Area 3.12 in? ( 5 % ~ )  

FS 11.61 

" W . L . 0  

:s. 0 



NACA RM L56B23 

TABLE 111.- FULL-SCALE  DIMENSIONAL  CHARACTERBTICS 

[Model 1 i s  assumed t o  be 1/25 scale and model 2 i s  assumed t o  be 1/24 scale 1 
Model 1 Model 2 

Overall  length. f t  . . . . . . . . . . . . . . . . . . .  54.23 40.83 

wing . : . . . . . . . . . . . . . . . . . . . . . . .  
Area (including  fixed chord extension).  sq f t  
span. f t  

Mean aerodynamic chord. E. i n  
Area. s q f t  

Leading edge of F rearward of leading edge 
of root chord. i n  . . . . . . . . . . . . . . . . . .  

Root chord. i n  . . . . . . . . . . . . . . . . . . . .  
Tip chord . . . . . . . . . . . . . . . . . . . . . .  
Taper ratio  ( including chord extension) 
Aspect r a t i o  

Taper r a t i o  . . . . . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . . .  
Incidence.deg . . . . . . . . . . . . . . . . . . . .  
NACA a i r f o i l  section: 

Root . . . . . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  

Tip chord (including chord extension). i n  . . . . . . .  
Aspect ratio  ( including chord extension) . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  
Sweepback at c/4. deg . . . . . . . . . . . . . . . .  

385 33 
35 * 67 

141.40 
" .. 

92.68 
202.00 
55.93 

3.30 
... 
"- 

0.28 
" . 
42 
-5 
-1 

65~006 
65A005 

Ailerons : 
Total  area.  sq f t  . . . . . . . . . . . . . . . . . .  41.98 
Span. percent b/2 . . . . . . . . . . . . . . . . . .  40.38 

31-63 "- 
98-38 

250 

1.26.48 
66.07 

63.24 

4.00 

" . 
" . 

0.50 

-2.5 

" . 

35 

0 

Modified 65~006 
Modified 65AO04 

"- 
" . 

Flaperons : 
Total  area.  sq f t  . . . . . . . . . . . . . . . . . .  
Span. percent b/2 . . . . . . . . . . . . . . . . . .  
Trailing edge. percent w i n g  chord . . . . . . . . . .  
Hinge. percent wing chord . . . . . . . . . . . . . .  

"- 21.30 
" . 61.73 
" . 84.00 
" . 70.00 

Fence: 
Total  area.  sq f t  . . . . . . . . . . . . . . . . . .  " . 
Location  (from  center of fuselage).  in . . . . . . . .  " . 75 . 00 

5-13 

Horizontal t a i l :  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . .  
Sweepback at  c/4. deg . . . . . . . . . . . . . . . .  45 
Rootchord.in . . . . . . . . . . . . . . . . . . . .  108.05 
Tipchord . in  . . . . . . . . . . . . . . . . . . . . .  15.96 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . .  3.53 
Taper r a t io  . . . . . . . . . . . . . . . . . . . . .  0.15 
Dihedral. deg . . . . . . . . . . . . . . . . . . . .  5.42 
NACA a i r fo i l   sec t ion :  

Root . . . . . . . . . . . . . . . . . . . . . . . .  Modified 65~006 
Tip . . . . . . . . . . . . . . . . . . . . . . . . .  Modified 65A004 

93.45 
span. f t  . . . . . . . . . . . . . . . . . . . . . . .  18.17 

Vertical tai l :  
Area (including  dorsal). sq f t  . . . . . . . . . . . .  82.36 
Area (exposed).  sq f t  . . . . . . . . . . . . . . . .  
Height (from fuselage reference  line). f t  . . . . . .  12.08 
Rudder area (aft hinge  line). sq f t  . . . .  ; . . . .  12 . 39 
Sweepback at c/4. de@; . . . . . . . . . . . . . . . .  45 
NACA a i r fo i l   sec t ion :  

Root . . . . . . . . . . . . . . . . . . . . . . . .  Modified 65~006 
Tip . . . . . . . . . . . . . . . . . . . . . . . .  Modified 65AO04 

" - 

65.50 
15 . 17 

35 
74.21 

-" 
34.8 

10.00 
7.27 

35 

0006 
0006 



TABLE IV. - MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR WE 

MADFXG TESTED ON MODEIS 1 AND 2 

[Model values are  converted t o  full scale,  and  moments of inertia are  given about the  center of gravity] 
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TABU V . -  CATAPULT TEST RESULTS OF MODEL 1 

WITH AND WITHOUT CANARD SURFACES  INSTALLED FOR DIFFERENT 

TRIM SETTINGS OF THE LONGITUDINAL CONTROLS 

[Model launched at  a = 20°; center of gravity a t  approximately 
33 percent E unless  otherwise  noted;  launching  velocity  corre- 
sponded to   t he   s t a l l i ng  speed; when canards were installed,  canard 6 
located 0.18 inch below the  fuselage  reference  line w a s  ins ta l led  
( f ig .  311 

Tr im angle, Model motion Canards 
it, deg before  hit t ing  safety net on or off deg 

Approx . - 10 O f f  
Model w i l l  sometimes make 

20 as much as one-fourth  turn 

- 2  Straight On 23 

- 15 

O f f  29 -20 

Straight On 26.5 - 6  

27 
Model  makes as much as 

O f f  one -half  turn 

Model starts t o  spin, 
three-fourths  turn  observed 

Usually  straight,  although 
- 10 a t  times may start t o   t u r n  On 29 

s l igh t ly  

- 30 O f f  37 
Model  makes as much as 

three -f ourths  turn 

-20 

Essentially  straight O f f  "46.5 -30 

Straight On 36 

-30 Straight On 45 

aCenter of gravity moved back t o  42 percent E for t h i s  test. 
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Ailerons full with 
A- 

t-y 
Turns for 
recovery 
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CHART 2.- SPIN AND RECOVERY CHARACTERISTICS O F  IWE W D E L  

WITHOUT CANARD SURFACBS INSTALLED 

[Recovery attempted by full rudder reversal unless otherrise noted (recovery 
attempted from,  and sbadpspin data presented fora rudder-full-nith s p b ]  . 

Model Loading (see toble3SC) Direction Attitude 
No. 2 

Speed brakes Stobilizer Flops Slats 

meht &@at 

Retracted 
M d e l  values  converted to full scale U-inner wing  up D-inner  wing  down 

Closed Adjustable Retracted 

c .. 59 20u 

bad 6 6 

- 

m f 

Flaperons full against, Flaperons full with - (Stick l e f t )  (Stick right) 

I I I 
I-u 

I l l  m 
Turns  for 

" 

21 

recovery 
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Figure 1.- Photograph of model 1. 
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Figure 2.- Photograph of model 2 (model  investigated  with slats retracted). 
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0 I 2 
Canard 4 6 , 5 ,  J 

Span , in. 

0 ' " 1 1 ' 1 '  ' 

L 

2 
Conard 4 0 I I I  I I 1 

3 

1.0 1.2 1.4 1.6 1.8 2.0 2.2 
Chord length , in. 

(a) Effect of adding area spanwise. (b )  Effect of chord length. 

I Canard 7 I 4 

' 3 2 1 0 1 2 3  
Below W.L.4.00 Above W.L. 490 

Z , in. 

Canard p 
I I I  I I I I 

I 
0 
3 4 5 6 7 

Longitudinal distance from nose to  canard 
leqding edge , in. 

(c) Effect of vertical  position.  (d)  Effect of horizontal  position. 

Figure 4. - Effect of canard variations on turns f o r  recovery fo r  model 1 as presented in  table I. 
Range of recoveries  obtained  are  indicated  for each  canard. Ln 

Iu 
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I I F O d I  ::! 

left right 

I I 
I E 0 1 1  

lef t  right 

I 

g -20 - 

-15 

.= -10 
P 

c .- 

left  right 

I I 

left  righi 

Figure 3.- Effect of canard positioning on preventing a directional 
divergence. Maximum observed heading change after  various launchings, 
turns. 
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Figure 6.- Str ip  photograph of model 1 launched  without  canards installed.  - 
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L-92427 
Figure 6.- Concluded. 

. . . . . . . . . . .. . . . . . . . - . . . - - -. . . . . . . . . . . . . . . 



i 

NACA RM L56B23 

Figure 7.- Strip photograph of model 1 launched with canard 6 installed 
0.18 inch below reference  line. 



Figure 7.  - Concluded. 
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Cn o 
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-.O 4 

-.O 6 

(a) Canasds o f f .  

-.O "; 4 

a NRe 
0 15" 414,760 
0 20" 414,760 
0 30" 414,760 
A 400 414,760 
'A 50" 414,760 

(b )  Canards on. 

Figure 8.- Yawing moment plotted  against  sideslip. Canards on  and off. 
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a NRe 
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0. 30" 1,173,100 
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b 50" 829,500 

(a) Canards o f f .  
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.02 

.O 4 

.02 
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(b) Canards  on. 

Figure 9.- Yawing  moment plotted  against  sideslip. Canards on an3 off .  - 
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(a) Low Reynolds number. 
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(b) H i g h  Reynolds number. 

Figure 10. - CnP plotted  against a. 
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